Plasma immunoreactive insulin and growth hormone of 20\p=n-\24weeks' gestation human foetuses were assayed in serial samples following delivery by hysterotomy. The mean umbilical cord plasma growth hormone concentration was 71 ng/ml (range 13\p=n-\120 ng/ml) and the mean plasma insulin was 5 \g=m\U/ml(range 2\p=n-\8 \g=m\U/ml).Following delivery the growth hormone levels increased, but there was no significant change in plasma insulin concentration. The hypothalamic-hypophyseal axis controlling growth hormone secretion appears to be developed by 20 weeks' gestation, and [00BB]stress[00AB] appears to be a provocative stimulus.
Only limited information is available regarding the plasma concentrations of growth hormone and insulin in the human foetus. The exact role of these hormones, and the mechanisms which control their secretion during intrauterine life are largely unknown. Growth hormone has been demonstrated in the human pituitary by bio¬ assay at the 18th gestational week (Levina 1968) and by immunoassay at the 8th week of intrauterine life (Matsuzaki Sc Shizume 1968) . Plasma concentra¬ tions in older foetuses (Kaplan Sc Grumbach 1967) and in umbilical cord plasma at term are higher than those found in adults (Kaplan 8c Grumbach 1965; Cornblath et al. 1965) .
The human foetal pancreas contains insulin from the 12th gestational week (Steinke 8c Driscoll 1965) . Plasma insulin may be detected by the 14th to 16th week of gestation, but at this stage plasma insulin levels do not rise in response to hyperglycaemia (Adam et al. 1968; Thorell 1970) . A variable rise in foetal insulin levels occurs at term in response to hyperglycaemia (Paterson et al. 1968; Coltart et al. 1969 ). The present study was designed to investigate the levels of these hormones in the immature human foetus and to examine the degree to which the plasma hormone levels change in response to the altered environment following de¬ livery by hysterotomy. Growth hormone levels were found to rise significantly. The role of hypoglycaemia in provoking this elevation has been investigated by infusing glucose to the mother and foetus.
MATERIALS AND METHODS
Ten foetuses of 20-24 weeks' gestational age were studied. Termination of the pregnancy by hysterotomy was necessary in every case on sociopsychiatric grounds and no maternal physical disease was present. A lumbar epidural anaesthetic was employed followed by 20-30 mg intravenous Diazepam® and inhalation of a mixture of 75 % nitrous oxide and 25 % oxygen.
Within 2 min of incising the uterus, the foetus was delivered and an umbilical cord segment isolated at the earlist opportunity between clamps; the right carotid artery was cannulated. Deep body temperature was monitored with an Ellab TE3 rectal probe (Sierex Ltd.) and heart rate with a monitor provided by SE Laboratories (Slough). The foetus was placed on a heating pad during the study. The rectal temperature was found to remain constant and the foetal heart rate was between 70 and 100 beats per minute during the investigation.
A blood sample was taken from the-isolated cord segment and from the carotid artery, 5, 10, 15 and 20 min after cord clamping. Maternal venous blood was also obtained at delivery. A portion of each sample was immediately centrifuged and a plasma fraction frozen at -20°C for subsequent glucose, insulin and growth hormone determinations. The remainder of the heparinised whole blood was placed into an¬ aerobic containers and immersed in ice-cold water, and the pH was measured within 60 min using a Radiometer E5021 microelectrode assembly. The period of gestation was confirmed after delivery by reference to formulae relating crown-heel length and weight to gestation (Boyd 1941 
RESULTS
The cord plasma growth hormone levels of the ten foetuses range from 13 to 120 ng/ml (mean ± 1 sd, 71 ± 37 ng/ml) ( Fig. 1 ). During the same period the glucose concentration fell from 81 ± 10 mg/100 ml (mean ± 1 sd) to 49 ± 16 mg/100 ml (P < 0.001) and the pH from 7.33 ± 0.05 to 6.90 ± 0.09 (P < 0.001). If pooled values from all sampling times are considered there is an inverse correlation between growth hormone and glucose (r = -0.81, < 0.001) and growth hormone and pH (r =-0.64, < 0.001). In several foetuses the plasma growth hormone fell in the latter part of the test period.
Following maternal glucose infusion, the glucose concentration in the five minute foetal carotid artery sample was raised (mean ± 1 sd, 131 + 54 mg/100 ml) compared with the control group (53 ± 11 mg/100 ml). There was no difference between the foetal growth hormone levels in the two groups (Table 2 ). Direct glucose infusion to the delivered foetus also raised the plasma glucose level but nevertheless the plasma growth hormone levels rose to a degree comparable to the other ten non-infused foetuses which were studied (Table 3) .
The cord plasma insulin of the ten foetuses ranged from 2 to 8 //U/ml (mean ± 1 sd, 5.3 ± 2.4 y/U/ml). There was no significant change in the plasma insulin level following delivery, the 20 minute level being 5.0 + 2.5 µ\]/ \ (Table 4) . There was no change in foetal plasma insulin concentrations following either maternal or foetal glucose infusions (Tables 2 and 3 ). 
DISCUSSION
The foetal plasma growth hormone is almost certainly of foetal origin as the levels are higher than the maternal levels, and the foetal levels rise after delivery. Placental lactogen only appears in the foetal plasma in very small amounts (Kaplan 8c Grumbach 1965; Greenwood et al. 1964 ). Human foetal growth hormone appears to be antigenically similar to the purified adult hor¬ mone (Greenwood et al. 1964; Makler 1968 8.6 ±2.1 7.1 ± 2.0 6.7 ± 3.0 2.1 ± 1.9 4.5 ± 0.9
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In the present study the cord blood pH values were all within normal limits, which suggests the foetuses were not markedly asphyxiated before the cord samples were taken. The part played by growth hormone in the development and metabolism of the foetus in incompletely understood. Growth hormone deficient foetuses tend to be short although they usually have a normal body weight (Laron Sc Pertzelan 1969 (1968), 5.9 ± 2.3 ¿¿U/ml in midtrimester foetuses, but are lower than those reported by Thorell (1970) (mean 29 /¿U/ml). The levels are slightly lower than those found using the same assay in the mature human foetus before the onset of labour (Turner, Beard 8c Oakley, unpubl. observ., range 4-14^U /ml, mean 11 /¿U/ml); adult fasting values measured with this assay range from 2 to 14 u\JJm\, mean 5.3 /¿U/ml. The failure of plasma insulin levels to respond to hyperglycaemia at this stage of gestation is in accord with the observation that glucose does not stimulate insulin secretion in mid-term foetuses (Adam et al. 1968; Thorell 1970) . In adults there is marked sup¬ pression of insulin levels in response to alcohol-induced hypoglycaemia (Roddam et al. 1968; Bagdade et al. 1969; Turner, Beard Sc Oakley, unpubl. observ.) . In the present study there does not appear to be such marked suppres¬ sion in response to hypoglycaemia in the foetus, but this is not certain as the plasma disappearance rate of insulin in these foetuses is not known. There is no rise in foetal monkey insulin levels in response to infused glucose or arginine, although tolbutamide does increase the plasma levels (Mintz et al. 1969 ). In the human foetus a variable insulin response to glucose has de¬ veloped at term (Paterson et al. 1968; Coltart et al. 1969) and similar findings have been demonstrated in the neonate (Tierman et al. 1967; Isles et al. 1968; Gentz et al. 1969 ).
